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Introduction
udden death from cardiac arrest is a major medical issue and one of the biggest people's fears. The chain of Basic Life Support is the only way to improve the survival which includes early access and on time implementation of cardiopulmonary resuscitation (CPR) (Deliligka et al., 2016) .
CPR is an emergency procedure involving external chest compression and artificial ventilation that aims to restore oxygenated blood flow to the brain and heart in individuals with cardiac arrest (Olds et al., 2015) while it can also cause many life-threatening injuries to patients (Hashimoto et al., 2007) .
CPR contains a significant violation risk with forensic relevance, for the patient and the physician (Buschmann and Tsokos, 2009 ) and CPR-related injuries are confronted by the existing legal system as a medical error, as in the performance of any medical procedure with adverse outcome (Deliligka et al., 2016) .
CPR complications can cause death by itself, or it can be misinterpreted to be a blunt trauma as a cause of death, and also it can be evaluated as medical malpractice (Özer et al., 2010) . Since forensic pathologists often encounter various types of CPR-related injuries during autopsies, they must be able to distinguish between them and those caused by other factors (Hashimoto et al., 2007) .
Although there have been many studies focused on the incidence of or factors related to complications of CPR (Rilana Baumeister et al., 2015) a little attention has been paid to this potential problem (Hokea and Chamberlaina, 2004) and CPR related life-threatening injuries created a need for detailed post-mortem studies for their prevention (Kaldirim et al., 2016) . S Awareness of those complications is vital in autopsy investigations as in fatal traumatic cases they may be interpreted as additional trauma signs and in fatal non-traumatic cases autopsy may be misinterpreted by those complications findings and suggesting traumatic cause of death. Thus, information about possible CPR complications are crucial for forensic medical specialists to distinguish them from actual trauma symptoms and important for physicians who perform resuscitation to be aware of those complications in terms of comprehension and a reduction in medical errors (Beydilli et al., 2015) .
The aim of the present study was to analyze the findings of autopsy reports of individuals who received CPR to determine the frequency of CPR related lifethreatening injuries and to determine the possible factors that affect and increase the risk of those injuries.
Subjects and methods

Subjects
Autopsy reports from complicated cases received CPR between 2014 and 2017 in the mortuary in Council of Forensic Medicine in Riyadh of Saudi Arabia were analyzed retrospectively after an ethical approval obtained from the scientific committee. The study included 58 non-traumatic death cases that had undergone CPR measures according to American Heart Association guideline and subjected for evaluation from hospital files and emergency team. Autopsies were performed when the cause of death was uncertain. The socio-demographic characteristics, the definitive cause of cardiac arrest, suggested cause of death and data about CPR provided (basic life support/advanced life support, duration of CPR, defibrillation and specification of persons performing chest compressions) were extracted from the medical records. The inclusion criteria involved the fatal cases after cardiac arrest suspected to CPR without any history or evidence of trauma prior to CPR. Cases below 18 years or with thoracic and abdominal trauma during attempted resuscitation were excluded from the study. Methods Life-threatening injuries were evaluated using the guideline based on the Abbreviated Injury Scale (AIS). The cases were investigated through post-mortem chest X-ray imaging and/or chest/upper abdomen computed tomography (CT) and the complications were determined based on X-ray ̸ CT interpretation reports which were conducted by hospital's radiologist. The presence of a probable relationship between the injuries and factors such as age, gender, CPR duration and depth of chest compression was examined. Data from each autopsy was recorded according to a standardized study protocol for external and internal injuries.
Statistical analysis
The SPSS software was used. Mean and percentages for variables were calculated and χ2 test used for comparisons of categorical variables and t-test for means of data with normal distribution while P values < 0.05 were considered to indicate statistical significance. Odds ratio and 95% Confidence interval were calculated for evaluation by logistic regression analysis of factors affecting the CPR related life-threatening injuries.
Results
Among the autopsy cases who underwent CPR and whose autopsy detected resuscitation complications, all CPR procedure were took place inside the hospital by trained physicians and there were 58 cases, 38 of them (65.5%) were males and 20 (34.5%) were females, their mean age was 48.2 ± 15.4 (mean ± SD) and mean body mass index (BMI) was 26.7 ± 5.14. Table (1) shows that among the autopsy cases, the most frequent cause of death was found to be related to cardiovascular disease (55.2% of cases) followed by pathological brain hemorrhage in 19% of cases. Table ( 2) shows the specifications regarding CPR provided to the study group, in which basic life support alone was performed in 17 (29.3%) cases and advanced life support was provided in the vast majority of cases (70.7%). The mean duration of CPR provided to individuals was 22.0 ± 12.35 min. in males while it was 21.5 ± 13.56 min. in females and defibrillation takes place in 46 (79.3%) of cases. A positive association was detected between mean chest compression depth and the CPR-related injuries, as when the compression depth increases the risk of injury increases especially when the chest compression depth exceeded 6 cm. The differences between males and females were not statistically significant regarding CPR type, depth of chest compression and duration of CPR or receiving defibrillation procedure. Table ( 3) shows that the most common complications detected were the thoracic cage complications which showed highly significant difference between males and females followed by lung complications while the least common complications were the upper airway complications.
Table (4) shows that males were more susceptible to complications related to chest compression. Costal injuries were the most frequent complication and the most common injury was a single rib fracture in the anterior part of the thoracic cage. Lung contusion, pneumothorax, haemothorax, ventricular rupture and liver laceration showed statistically nonsignificant difference between males and females while thoracic cage fractures showed highly significant difference between males and females. Figure (1) shows pneumothorax after external CPR.
Table (5) shows that among the costal fractures after CPR, the mid-clavicular rib fractures were the most frequent fractures with a highly significant difference between males and females followed by the parasternal rib fractures, while (80.6%) of the rib fractures were at the left side of the thorax as illustrated in Figure ( 2) which showed fracture of the third rib after external CPR.
Table (6) shows that males were more susceptible to sternal fracture and 66.7% of sternal fractures were detected at the level of the third rib as illustrated in Figure ( 3) with a highly significant difference between males and females. (7) shows that the factors of age, gender and CPR duration were founed to have an effect on the increased risk of life-threatening injuries and they are positively correlated with the occurrence of them especially the CPR period as when application time increases the risk of injury increases. 
Discussion
There were many changes in CPR international guidelines within the last decades, but effective chest compression remains the cornerstone of successful CPR (Travers et al., 2010). If closed-chest compressions are not performed properly during basic life support measures, they can be traumatic where published values for the incidences of resuscitative injuries range from 21% to more than 65% (Sommers 1991).
In general, autopsy is the most sensitive method for detecting complications of resuscitation (Kim et al., 2013) .
The present results revealed that the most common complications detected after CPR procedure were the thoracic complications in 86.2% of cases, among the thoracic complications the costal injuries were the most frequent complications (48.4%) and sternal fracture (8.6%). The present results are in accordance with the results revealed that prevalence of rib and/or sternum fractures after resuscitation varies between 16% and 75% (Machii et al., 2000) .
In patients with unsuccessful CPR after cardiac arrest, rib fractures were more frequent after mechanical CPR (Smekal et al., 2014) .
CPR-associated injuries were found in 93.7% of cases and the majority of injuries were skeletal chest fractures (rib fractures in 73.7%, sternal fractures in 66.3%) (Rudinskáa 2016).The present study concluded that among the costal fractures the midclavicular rib fractures were the most frequent fractures (with highly significant difference between males and females) in 58% of fracture cases followed by the parasternal fractures in 32.2% and 80.6% of the rib fractures were at the left side of the thorax which are in accordance with Özer et al. (2010) results, they revealed that sixty-nine percent of the rib fractures were at the left side of the thorax, seventy-one percent of the fractures were found at the midclavicular line, 14% at the parasternal and 12% were found at the axillary line. Ryan et al. (2003) results concluded that rib fractures due to resuscitation are mostly located between 3 rd and 8 th ribs and are more common at the left side and at the region between the parasternal and axillary line. The present results were in difference with the previous results which concluded that rib fractures were found in 29% and sternal fracture in 14% (Black et al., 2004) .
The present results concluded that 66.7% of sternal fractures were detected at the levels of the third rib which in accordance with Lederer et al. (2004) results which concluded that sternal fractures predominantly occurred in its lower third. Sternal fractures were found in 29 (4.8%) of CPR-receiving cases (Özer et al., 2010) . The present results revealed that males were more susceptible to rib and sternal fractures and these results are in contrast with Kim et al. (2011) results which concluded that females were more susceptible to rib and sternal fractures. More females sustained rib fractures than males (37% versus 26%). There was no significant gender difference for sternal fracture (females 17%, males 12%) (Black et al., 2004) .
The present results proved a positive relationship between age and gender and injuries caused by chest compressions, rib fractures in particular may be more frequent in elderly patients receiving CPR. Black et al. (2004) reported that the incidence of rib fractures increased with age. These results are in accordance with Hellevuo et al. (2013) results which reported a relationship between the depth of CPR and the injuries in male patients, but not female patients. Boz et al. (2008) reported that the relationship between gender and injuries was not statistically significant. Kim et al. (2013) found that female gender is a risk factor for rib fractures. The present results are in contrast with Kaldırım et al. (2016) results which noted that there was no relationship between age and gender with chest injury. In the present study, the CPR period was found to be positively correlated with the occurrence of injuries.
The results are in accordance with Guzel et al. (2013) results which reported that the duration of chest compression application is known to be a significant factor in terms of life threatening injuries. Kaldırım et al. (2016) reported that the risk of injury was found to be highest in the group where CPR had been applied for 60 min or more. The current study concluded that when the compression depth increases the risk of injury increases especially when the compression depth exceeded 6 cm. This in accordance with a study concluded that CPR-related injuries were associated with deeper mean compression depths of < 5, 5-6 and > 6 cm., the percentages of injuries were 28%, 27% and 49% respectively (Hellevuo et al., 2013) .
Conclusion and recommendations
According to the present study outcomes, serious complications of CPR in patients after unsuccessful CPR may contribute to death or may be potentially lethal. Thoracic cage fractures especially rib fractures were more likely to present a common complication of CPR, and are mostly not avoidable. The number of fatal injuries due to chest compressions during cardiopulmonary resuscitation increased as the compression depth exceeded 6 cm. and there is a positive correlation with the long duration of CPR. The risk of mortality may be related to age, gender and duration of CPR. In the future, prospective multicenter studies with a larger number of individuals are needed in order to focus on CPR-related complications. 
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